In this work, normal boiling points (NBPs) for a group of aliphatic esters were modeled using a combination of the modified Xu ( -O-) showing that NBPs of aliphatic esters are mainly dominated by molecular size, and degree of branching and polarity of the molecules have smaller contributions to the normal boiling points.
INTRODUCTION *
Quantitative structure-property relationship (QSPR) modeling is one of the most effective approaches for estimation of a variety of physicochemical [1] [2] [3] [4] [5] [6] and toxicological properties [7] [8] [9] which can provide significant information on the molecular features determining the properties of chemical compounds. The first step in a QSPR study is quantifying chemical structure of the molecules by numerical codes named descriptors that can show structural similarity and diversity of the molecules. Among the descriptors, topological indices have found major popularity in QSPR studies since they can be directly derived from the structure of the molecules on the basis of graph theory without any experimental effort. However, the conventional topological indices such as the well-known molecular connectivity index 10 characterize a molecule as a whole (i.e., molecular size or shape). Additionally, the indices give no information on compounds with multiple bonds and heteroatoms. Unlike the conventional topological indices, the atomic level topological indices describe the structural information of a molecule at the atomic leve and code the structural environment of each atom type in a molecule. Kier et al. first introduced the concept of atom-type-based topological index, i.e. the so-called electrotopological state index. 11 Ren proposed a set of atomic-based AI topological indices that along with mXu index have been successfully used in developing high quality models for estimation of the physicochemical properties such as normal boiling points, molar refractions, van der Waals' constants, Pitzer's acentric factors, etc. [12] [13] [14] [15] [16] In a previous paper, our group reported QSPR study of standard formation enthalpies of acyclic alkanes using the AI topological indices. 17 Nevertheless, the use of AI indices in prediction of NBPs of esters has been largely neglected.
The main goal of the present work was to further verify the potential of the atom-type-based AI topological indices as effective descriptors in prediction of NBPs of aliphatic esters. Moreover, the influence of different structural features and atomic groups on the normal boiling points of the model compounds is illustrated. As far as we are aware, this is the first report on QSPR study of aliphatic esters in which the atom-type-based AI topological indices are employed.
EXPERIMENTAL Data set and regression analysis
Experimental data of NBPs for some aliphatic esters including C2-C16 linear and branched molecules were taken from the report of Brown and Stein 18 One compound was not modeled in this study, as its structure prohibited accurate modeling of structure-boiling point relationship. Table 1 presents model compounds and the experimental NBP values in the range of 304.70 to 582.00 K. propionate Linear regression analyses were performed using SPSS/PC software package. 19 Criteria for selection of the best multiple linear regression (MLR) model were the statistics of squared correlation coefficient (R 2 ), adjusted correlation coefficient (R 2 adj ), Fisher-ratio (F) and standard error of estimate (SE). Statistical validity of the model was tested using external validation method.20,21 by dividing the entire data set into five subsets, leaving out one subset as prediction set, and regenerating the model coefficients for the training set composed of the other four subsets. Then, the standard errors of calibration (SEC) and prediction (SEP) were employed to evaluate quality of the models.
Descriptor generation
Topological indices for aliphatic esters were drived from the molecular graph G=[V,E], where V and E symbolize the 
where the sum is over all i vertices in graph. For any atom i that belongs to jth atom type in the graph, corresponding AI index is defined as:
where φ i (j) is a perturbing term reflecting the effect of the structural environment of the ith atom on its topological index value and the topological index for jth atom-type in a graph, AI(j), is the sum of all AI i (j) values of the same atom type in the graph. Moreover, for differentiation of the hetero atoms and multiple bonds, the degree of vertex, v m 14 based on the valence connectivity of Kier-Hall 22 is used.
RESULTS AND DISCUSSION

Linear regression models for normal boiling points of aliphatic esters
In the first step of the study, simple linear regression model was developed for NBPs using m Xu index alone. Specifications of the model found for the data set along with the statistical parameters are as follows: (3 Table 2 .
As can be found, combination of m Xu and AI indices significantly improves quality of the model. The statistics indicate that the regression explained by the model is significant at 99% confidence level and the standard error is about 20% less than SE for the simple linear model. According to the model predictions for NBPs (Table 1) , maximum relative error (2.99%) belonged to isopropyl formate. Fig. 1 demonstrates the correlation between the experimental and predicted NBPs indicating all the predicted values are within ±3% error band. The results evidently proves high efficiency of the topological indices in modeling NBPs of aliphatic esters. a n t and n p are the number of molecules in the training and prediction sets, respectively. Good agreement between the predicted and experimental NBPs for different prediction sets can be easily observed in Fig. 2 .
Structural interpretation of normal boiling points of aliphatic esters
To obtain insights into the role of the structural features of esters in determining their NBPs, the relative contribution (Ψ r ) and fraction contribution (Ψ f ) of the topological indices were calculated as follows: 
